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Abstract
Multi-technology platforms with two workspaces are considered to be promising production resources to enable an
efficient manufacture of complex workpieces in small lot sizes. However, the advantages in terms of productivity in
comparison to multi-technology platforms with a single workspace have not been quantified so far. This paper 
presents such a quantification approach based on dynamic discrete-event modeling of platforms with one and two
workspaces. Slight variations in the configuration setup of the platforms as well as the machining of distinct part 
spectra are discussed. It is found that the installation of the most frequently applied technology resource in each
workspace enhances the productivity of platforms with two workspaces significantly. Therefore, the advantages of 
multiple workspaces should be elucidated further taking into account acquisition cost and throughput time.
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1. Introduction
The manufacturing industry faces increasingly
turbulent market environments which demand great 
product variety in small quantities [1, 2]. Traditional
concepts of machine tools or assembly systems
marginally succeed in meeting such demands of mass 
customization [1, 3]. Therefore, paradigm shifts in the
design of manufacturing systems are extensively 
discussed [1]. Manufacturing systems designed 
-
called Multi-Technology Platforms (MTPs), represent 
a possible class of machine tools that may meet future 
requirements in particular for high value products [4, 5].
Due to their complexity MTPs are usually very
expensive machine tools which need to provide great 
productivity to be operated efficiently in economic 
means [6]. However, the sequential processing of 
workpieces in MTPs with a single workspace may lead
to a low degree of utilization of individual technology
resources such as milling or laser welding heads,
because all but one technology resource are idle at any 
moment [5]. Therefore, Brecher suggested equipping
MTPs with two workspaces and enabling the traveling of 
technology resources between the two workspaces to
increase the resource utilization and thus the output [7]. 
However, so far the productivity gains have not been 
quantified.
This paper compares the productivity of MTPs with
two workspaces to a MTP with a single workspace based
on funnel models and a discrete-event modeling
approach, which is used to simulate the processing of 
parts of diverse properties. Simple planning algorithms
were not applied because such static-deterministic
approaches do not account for dynamic-stochastic
properties of real production systems, e.g. statistical
distributions of changeover or processing times [8, 9].
The productivity comparison takes place for two
distinct configurations of MTPs with two workspaces
and two distinct workpiece feeding strategies. The goal
is to determine the circumstances under which the 
productivity may be increased by alternative
configurations or workpiece feeding strategies. The term 
workpiece feeding strategy will be defined in section 2.
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2. Methods 
Two distinct configurations of MTPs with two 
workspaces were compared to a MTP with a single 
workspace, see Figure 1. Configuration 1 comprises a 
single milling and a single laser head that may enter in 
either workspace. If for example the milling head is 
engaged in the first workspace and a workpiece in the 
second workspace is to be milled, the process sequence 
in the second workspace comes to a stop until the 
milling head is no longer engaged. In contrary to the first 
configuration, configuration 2 comprises two milling 
heads that are permanently installed in either workspace 
and a single laser head that may enter in each 
workspace. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Considered configurations of MTPs 
Discrete-event simulation was applied to determine the 
maximum feasible output during the simulation 
period T. 
non-trivial logical interconnections between the 
workspaces was written for each of the considered MTPs 
individually. 
Within the simulation program, the operation time of a 
lot top consisted of the changeover time tco and the 
machining time tmach. The duration of machining tmach 
depended on the number of parts per lot m, the number 
of processes per part n, and the duration of each process 
tp. None of these parameters were stochastically varied. 
Clearly, the throughput time ttp of a lot deviated from 
the operation time top due to  
 waiting of the lot in front of the machine tool 
before entering the workspace and  
 waiting for either the milling or the laser 
head during machining within the 
workspace. 
Therefore, the productivity of the considered MTPs 
with two workspaces depended on two influencing 
factors: 
 The relative frequency of milling RFM and 
laser welding RFL operations within the 
manufacturing sequence of a workpiece and  
 the average rate of order arrival  at the 
MTP. 
In the simulation, the relative frequency of milling and 
laser welding operations within the manufacturing 
sequence of a workpiece was varied stochastically by 
deliberately setting a threshold for the decision whether 
a milling or a laser welding operation took place to a 
value between 0 and 1. Furthermore, an evenly 
distributed random variable between 0 and 1 was 
assigned to each process. Subsequently, the threshold 
was compared to the respective random variable 
assigning a milling operation in case the random variable 
assumed a smaller value than the threshold and a laser 
operation otherwise. 
The average rate of order arrival at a multi-
technology platform was considered to be a discrete 
Markov process with Poisson distributed interarrival 
times. The average birth rate of orders  specified the 
properties of the particular Markov processes [9]. In 
total, o orders arrived during the simulation period at the 
multi-technology platform. 
In order to determine the maximum feasible output 
the birth rate  of orders was increased until the 
respective MTP was no longer capable of processing all 
orders arriving at the platform during the simulation 
period. Hence, queues were generated in front of the 
workspaces waiting to enter. This procedure ensured that 
the platforms did not idle during the simulation period 
due to absence of orders to be processed. 
Furthermore, the ratio of output R from the respective 
MTP to the maximum output of the MTP with a single 
workspace was determined, see Figure 2. This figure 
describes by which factor the productivity of a MTP 
with two workspaces exceeded the productivity of the 
MTP with a single workspace. 
Figure 2 shows the output ratio R over the number of 
orders o during the simulation period T. The output ratio 
increased more or less linearly until the platforms were 
no longer capable of processing all o orders. Hence, the 
output ratio R converged on a constant value. By 
definition the maximum output ratio Rmax of the platform 
with a single workspace was set to one.  
Single workspace
Two workspaces Single milling head (configuration 1)
Two workspaces Two milling heads (configuration 2)  
Work-
space
MTP
Milling
Head
Laser 
Welding
Head
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As mentioned before the maximum output ratio Rmax 
of the MTPs with two workspaces depended on the 
relative frequency of milling RFM and laser welding  
RFL operations within the manufacturing sequence of the 
workpieces. Figure 2 illustrates the maximum output 
ratio of the platforms for workpieces comprising 
RFM = 80 % milling and RFL = 20 % laser welding 
operations. Under these conditions the maximum output 
Rmax of the second configuration exceeded the maximum 
output Rmax of the first configuration considerably. This 
may be explained by the fact that for configuration 1 the 
milling head represented a distinct bottleneck whereas 
the milling head was always available in the second 
configuration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Output ratio over number of orders during simulation period 
Furthermore, the productivity of the considered MTPs 
was examined for two distinct strategies of workpiece 
feeding. First, workpieces with the same relative 
frequency of milling and laser welding operations were 
 
, the two workspaces 
. 
Brecher and Breitbach 
use of simultaneous processing  with two workspaces, 
compare [10]. This implies that the relative frequency of 
milling RFM operations within the first workspace 
correlated to the relative frequency of laser operations 
RFL within the second workspace, i.e. if workspace 1 
machines workpieces that comprise RFM = 80% milling 
operations, workspace 2 processes workpieces with 
RFL = 80% laser welding operations. 
3. Results 
The subsequent section elaborates on the simulation 
results of both workpiece feeding strategies to all 
considered multi-technology platforms. 
3.1. Feeding workpieces with similar properties 
Figure 3 depicts the progression of the observed 
maximum output ratio Rmax over the relative frequency 
of milling RFM and laser welding operations RFL within 
the manufacturing sequence of a workpiece. The output 
ratio of the MTP was independent of the relative 
frequency of milling RFM or laser welding RFL 
operations since both production resources were always 
available whenever required. As expected, the 
productivity of the two considered MTPs with two 
workspaces varied significantly over the relative 
frequency of RFM milling and laser welding RFL 
operations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Productivity comparison for similar workpiece feeding 
The productivity of configuration 1 reached a 
minimum in case the manufacturing sequence of a 
workpiece comprised solely milling or laser welding 
operations. In this case either the milling head or the 
laser welding head was the only resource applied during 
the machining sequence. Yet, the maximum output ratio 
Rmax of configuration 1 was greater than the maximum 
output ratio Rmax of the MTP with a single workspace. 
This may be explained by the possibility which exists for 
configuration 1 to continue processing of workpieces in 
the first workspace during changeover of the second 
workspace. Configuration 1 was most productive in case 
0
0,5
1
1,5
2
2,5
0 200 400 600 800
O
ut
pu
t r
at
io
R
 [-
]
Number of orders o [-]
Datenreihen1
Datenreihen2
Datenreihen3
Number of processes per part n = 4
Duration of process tp = 1 min
Lot size m = 5
Duration of changeover tco = 1 min
Relative frequency milling RFM = 80 %
Relative frequency laser welding RFL = 20 %
Duration of simulation T = 1000 min
Single workspace
Two workspaces Single milling head (configuration 1)
Two workspaces Two milling heads (configuration 2)
Max. output ratio Rmax of
respective MTP
0
0,5
1
1,5
2
2,5
0% 20% 40% 60% 80% 100%
O
bs
er
ve
d
m
ax
.
ou
tp
ut
ra
tio
R
m
ax
[-]
Relative frequency of milling RFM [%]
Two Workspaces - One technology twice
Two workspaces - single technologies
Single workspace
Number of processes per part n = 4
Duration of process tp = 1 min
Lot size m = 5
Duration of changeover tco = 1 min
Relative frequency laser welding RFL = 1-Rel.fr.milling RFM
Duration of simulation T = 1000 min
Simulation repetitions SR = 5
Single workspace
Two workspaces Single milling head (configuration 1)
Two workspaces Two milling heads (configuration 2)
16   Stefan Tönissen et al. /  Procedia CIRP  9 ( 2013 )  13 – 17 
 
the manufacturing sequence of a workpiece comprised 
RFM = 50% milling and RFL = 50% laser welding 
operations. Here, the milling head and the laser welding 
head were evenly utilized which minimized the waiting 
periods of workpieces within the workspaces. 
In oppose to configuration 1, the second 
configuration possesses an individual milling head in 
each workspace. This extra-milling head did not lead to 
comparison to the MTP of configuration 1 if only 
RFM = 0% to 30% of the operations in the manufacturing 
sequence were milling operations. However, for relative 
frequencies of milling of RFM = 60% to 100% 
configuration 2 was considerably advantageous. For 
these parameters, configuration 2 is almost twice as 
productive as the MTP with a single workspace.  
3.2. Feeding workpieces with complementary properties 
Figure 4 depicts the observed maximum output ratio 
Rmax of the respective MTP over the relative frequency 
of milling operations RFM (workspace 1) and laser 
welding operations RFL (workspace 2) while feeding 
workpieces with complementary properties to both 
workspaces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Productivity comparison for complementary workpiece feeding 
It may be observed that feeding workpieces with 
complementary properties lead to a greater productivity 
than feeding workpieces with similar properties for the 
first configuration. The observed productivity of 
configuration 2 was slightly greater than the productivity 
of configuration 1, but the advantages were not as 
pronounced as in the case of feeding workpieces with 
similar properties. In summary, feeding workpieces with 
complementary properties to the two workspaces proved 
to be a feasible strategy to increase the productivity of 
the first configuration. However, the application of this 
workpiece feeding strategy requires a suitable workpiece 
spectrum. 
 
4. Discussion and Outlook 
The results show that conspicuous differences may 
exist between the productivity of multi-technology 
platforms with one and two workspaces depending on 
the relative frequency RF of individual technologies to 
be applied within the manufacturing sequence of 
workpieces. The installation of the more frequently 
applied technology resource in both workspaces 
enhances the productivity of multi-technology platforms 
with two workspaces significantly at an elevated cost. A 
low-cost strategy of increasing the productivity of a 
multi-technology platform with two workspaces is 
feeding workpieces with complementary properties to 
both workspaces. Future research should amplify the 
view on multi-technology platforms with two 
workspaces by discussing part costs and throughput 
times. 
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